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Purpose of review

To provide a review of the potential sight-threatening sequelae associated with ocular involvement of atopic
disease and to discuss the management of this chronic condition.

Recent findings

There has been a recognition that atopic keratoconjunctivitis (AKC) is a chronic, inflammatory and
potentially blinding disease. Recent efforts have focused on steroid sparing, systemic T cell and calcineurin
inhibitor medications for the treatment of severe disease.

Summary

Ocular involvement in atopic disease can have a variety of clinical manifestations. Progressive disease can
be vision threatening, especially in younger patients. Prompt and effective treatment through a
multidisciplinary approach, including ophthalmology, allergy and immunology and dermatology, can
permit stability of the disease.
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INTRODUCTION IL2 and IL-12, all of which further induce Th1
Atopy is the propensity to produce IgE antibodies in
response to environmental proteins [1]. The pres-
ence of atopy in an individual is associated with an
increased risk of systemic manifestations, such as
atopic dermatitis, asthma and allergic rhinitis, as
well as ocular manifestations, namely keratocon-
junctivitis [2]. Atopic keratoconjunctivitis (AKC),
first described by Hogan [3] in 1953, can be distin-
guished from seasonal or perennial allergic con-
junctivitis and vernal conjunctivitis as a chronic,
inflammatory, cicatrizing conjunctivitis with
potentially severe ocular sequelae.
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PATHOGENESIS

Chronic atopic conjunctival disease is a type IV
hypersensitivity immune reaction, with a predomi-
nantly T-cell-mediated response. T cells are triggered
byantigen presentation,orbycytokines including IL-
4, IL-5 and IL-13, to differentiate into Th2 cells, the
effector of the acute response. Th2 cells increase the
circulating IgE eosinophil levels, as well as produce
cytokines, including IL-12, that induce Th1 cell pro-
duction, the effector of the chronic phase [4]. This
theory is supported by in situ hybridization and flow
cytometry studies using conjunctival epithelium and
tears of human participants with AKC [5–7].

AKC is a chronic inflammatory condition that is
primarily a Th1 response [8]. Th1 cells produce IFNg,
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production, prompt chemotaxis, and further eosin-
ophil production. Eosinophils are a key mediator in
the process with the generation of cytokines and
chemokines that affect their own production as well
as other leukocytes [9]. Many cells, cytokines and
adhesion molecules have been implicated in the
process including IL-8, RANTES adhesion molecule,
IL-33, basophils and thymic stromal lymphopoetin
[10–12].

As with atopic dermatitis, AKC can be exacer-
bated by dryness leading to an itch-scratch cycle
that increases inflammation [13].

Recent studies have also suggested that the clin-
ical presentation of AKC may be influenced by
microbes. Staphylococcal aureus may play a role in
the activation of inflammatory cells via the toll like
receptor. This is supported by human data showing
a higher frequency of colonization with S. aureus in
rved. www.co-ophthalmology.com
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KEY POINTS

� AKC is a chronic and potentially blinding condition.

� The pathophysiology of AKC is a T-cell mediated
process.

� Treatment with systemic tacrolimus can be indicated for
severe cases.

Ocular manifestations of systemic disease
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individuals with AKC compared with controls. In
addition, in a mouse model of AKC, conjunctivitis
develops more rapidly and higher levels of tear
cytokines are seen if S. aureus is present versus absent
on the ocular surface [14].
CLINICAL PRESENTATION

AKC typically presents with a constellation of symp-
toms including ocular pain, erythema, ropy or
mucoid discharge, itching, tearing, burning, photo-
phobia and visual disturbances [15,16]. Patients can
be as young as in their first decade of life but are
traditionally in the late teens to mid-20s. Oftentimes,
symptoms can persist into the fourth and fifth dec-
ades of life and canrecur with seasonal exacerbations,
especially in the spring and summer months [17].
AKC is associated with a family history of atopy,
along with a personal history of atopic dermatitis
andasthma.Although over95%ofAKCpatientshave
eczema and 87% have asthma, the frequency of
ocular involvement inpatients withatopicdermatitis
ranges only from 25 to 42% [16,18].

On examination, signs of AKC can be classified
according to the involved anatomic location,
namely the eyelids, conjunctiva and cornea.
Eyelids

AKC is associated with atopic dermatitis in nearly
95% of cases [18]. As such, patients often have severe
FIGURE 1. (a) Slit lamp photographs of a patient’s right
hyperpigmentation and formation of horizontal lid creases. (b) Sli
papillary hypertrophy in a case of atopic keratoconjunctivitis. (c)
keratitis.
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dermatitis, eczema and hyperpigmentation of the
eyelid and periorbital skin. Periorbital skin hyper-
pigmentation is often referred to as ‘panda eyes’ and
lid thickening and edema can cause formation of
linear lid creases known as Dennie–Morgan lines
(Fig. 1a). Patients can also have absence of lateral
eyebrows known as Hertoghe sign. Eyelid skin scar-
ring can lead to ectropion and entropion formation
along with madarosis. Chronic eye irritation can
also lead to eyelid edema and reactive ptosis. Asso-
ciated anterior and posterior blepharitis is also com-
mon, causing a thickened and inflamed eyelid
margin leading to meibomian gland obstruction
and eyelid margin irregularities [16,19].
Conjunctiva

Chronic inflammation of the tarsal and forniceal
conjunctiva leads to conjunctival thickening,
hyperemia, chemosis and papillary hypertrophy.
Papillae are often observed on the upper and lower
tarsal conjunctiva (Fig. 1b). In later stages, the papil-
lae can be replaced by diffuse conjunctival scarring,
manifesting as foreshortening of the inferior forni-
ces (more often than the medial and lateral fornices)
and symblepharon. Limbal Horner-Trantas dots,
although more common in vernal keratoconjuncti-
vitis, can be observed as well, especially during
seasonal exacerbations [16].
Cornea

Corneal involvement from AKC is often secondary to
mechanical trauma from inflamed/scarred conjunc-
tival tissue and/or secondary meibomian gland dis-
ease. Corneal manifestations can range from mild
superficial punctate keratopathy to decreased corneal
sensitivity to progressive corneal erosions, ulcera-
tions, scarring and neovascularization, the latter of
which can cause vision loss. Formation of mucous
plaques and filaments are common and are attributed
to increased mucin (as demonstrated by high
eye with atopic keratoconjunctivitis with lid thickening,
t lamp photograph of patient’s right eye with conjunctival
Slit lamp photograph of an atopic patient with herpetic
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Table 1. Table comparing differences in presentation and clinical course between atopic keratconjunctivitis, vernal

keratoconjunctivitis, seasonal/perennial keratoconjunctivitis, and giant papillary conjunctivitis

Condition Atopic
keratoconjunctivitis

Vernal
keratoconjunctivitis

Seasonal/perennial
keratoconjunctivitis

Giant papillary
conjunctivitis

Risk factors Atopic disease including
asthma, atopic
dermatitis; family history
of atopy

Environmental allergens;
typically worse in spring
time and in hot and dry
environments;
males> females

Environmental allergens
associated with changes
in season or that occur
throughout the year:
grass, pollen, dust mites,
mold, animal dander

Soft contact lens use with
poor lens fitting, hygiene
or prolonged use;
intolerance to contact
lens solution; exposed
sutures or ocular
prosthetic use

Pathophysiology Inflammatory response
secondary to eosinophil,
fibroblast, mast cell and
lymphocytic activation

Inflammatory response
secondary to eosinophil,
fibroblast, mast cell and
lymphocytic activation

IgE cross-linkage from
inciting allergens cause
mast cell degranulation
and release of
inflammatory mediators

Repetitive mechanical
irritation

Characteristic
clinical
presentations

Eyelid thickening and
scarring; madarosis;
eyelid margin
irregularities;
conjunctival
cicatrization;
keratopathy and corneal
neovascularization

Cobblestoning of tarsal
conjunctiva from
papillary hypertrophy;
limbal Horner-Trantas
dots; shield corneal
ulcers; conjunctival
scarring, corneal
neovascularization

Conjunctival injection,
hyperemia, chemosis,
mucoid discharge

Papillary hypertrophy of
superior tarsal
conjunctiva of eye with
mechanical irritant;
eyelid edema and
reactive ptosis

Natural course Begins in childhood but
can persist into fifth
decade of life; is chronic
in nature with periodic
exacerbations

Begins in childhood and
resolves during puberty;
exacerbations typically
occur during spring and
summer months

Recurs seasonally with
changes in allergens

Directly correlated in
inciting risk factors;
discontinuation of
contact lens use, contact
lens solution, removal of
prosthesis or sutures can
all reduce symptom
burden
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messenger RNA expression of membrane mucins 1, 2
and 3) [19]. Decreased goblet cell density along with
meibomian gland dysfunction can lead to tear film
instability and dry eye disease [16,19,20]. Progressive
corneal scarring and neovascularization may require
penetrating keratoplasty for visual rehabilitation
[21]. However, this needs to be approached carefully
as limbal stem-cell deficiency can also be present due
to repetitive trauma from scarred eyelids.
DIFFERENTIAL DIAGNOSIS

Allergic conjunctival disease is caused by an inflam-
matory response of the conjunctiva to an allergen
and can present as distinctive clinical entities
including AKC, vernal keratoconjunctivitis as well
as seasonal and perennial keratoconjunctivitis. The
differential diagnosis can also include giant papil-
lary conjunctivitis [22

&

]. Of the different clinical
entities, AKC is most severe in its clinical presenta-
tion and natural course.

Differentiating between these entities relies
heavily on patient demographics, inciting risk fac-
tors and underlying pathophysiology, signs and
symptoms and natural course of the conditions.
1040-8738 Copyright � 2018 Wolters Kluwer Health, Inc. All rights rese
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Table 1 compares these clinical entities and their
distinguishing features [23–26].

Other entities to consider in the differential
diagnosis include severe blepharitis, ocular rosacea,
alternative causes of conjunctival cicatrization
including ocular cicatricial pemphoid, Steven John-
son Syndrome, graft-versus-host disease or prior
ocular chemical injury, infectious conjunctivitis,
toxic conjunctivitis, phlyctenular conjunctivitis,
limbal stem-cell deficiency, dry eye syndrome, ker-
atitis, episcleritis or scleritis.
OCULAR COMPLICATIONS ASSOCIATED
WITH ATOPIC KERATOCONJUNCTIVITIS

Chronic AKC can lead to several complications if
not treated promptly and effectively. These compli-
cations can include cataract formation, blepharitis,
glaucoma, keratoconus and infectious keratitis [19].

Cataracts are a common sequela of AKC [27]. The
incidence of cataracts in patients with atopic derma-
titis ranges from 5 to 38%, with age of onset usually
ranging from adolescence to adulthood [28]. Patients
often develop anterior subcapsular cataracts, referred
to as ‘atopic cataracts’ which are observed 10 years
rved. www.co-ophthalmology.com 3
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after disease onset. Posterior subcapsular cataracts
occur secondary to long-term oral and topical corti-
costeroid use. Formation of anterior subcapsular cat-
aracts has been attributed to elevated serum IgE levels
as well as -56T allele in the gamma interferon receptor
1 gene promoter which is a potential genetic risk
factor [18,29]. Chronic use of corticosteroids is a well
established risk factor for the development of cata-
racts [30]. In fact, patients with asthma who are on
high-dose inhaled corticosteroids also appear to have
an increased risk for the formation of posterior sub-
capsular cataracts [31], although this may also be due
to improper inhaler usage which results in direct
exposure of the eye [32].

Keratoconus often occurs in patients with AKC
and the condition has been associated with positive
allergy tests [33]. It is exacerbated by chronic eye
rubbing due to persistent eye irritation, which is
highly associated with atopy. A retrospective study
of keratoconus patients found that those who were
atopic tended to develop keratoconus at a younger
age, suggesting that atopy may be a triggering factor
for keratoconus [34]. In patients requiring kerato-
plasty for progressive corneal thinning and scarring,
it has been found that atopic patients have a higher
incidence of corneal graft rejection [18]. In addition,
postkeratoplasty sclerokeratitis is a severe complica-
tion seen in atopic patients undergoing keratoplasty
[35]. Patients with atopic dermatitis may also be at
higher risk for complications, such as corneal melt,
associated with intrastromal corneal ring segments
used to treat keratoconus [36].

Patients with AKC have an increased suscepti-
bility to cutaneous and ocular colonization and
infection with S. aureus (nearly 66–87%) as well as
herpes simplex virus. Anterior staphylococcal ble-
pharitis is a common finding in patients with AKC
along with staphylococcal bacterial superinfections.
Ocular herpes simplex disease occurs with incidence
rates as high as 42.5%, is often bilateral, with more
severe and frequent recurrences (Fig. 1c) [14,37–39].

Additional ocular complications of AKC include
development of glaucoma from long-term steroid
use, retinal detachment, though to be secondary to
chronic eye rubbing and subsequent trauma [40,41]
and uveitis [18]. Atopic diseases are also associated
with higher frequency of ocular surface squamous
neoplasia which can manifest on the conjunctiva
and cornea and have been shown to require longer
and more aggressive chemotherapeutic treatment
[19,42].
TREATMENT

The treatment of AKC is focused on managing the
acute flares as well as the long-term disease process.
4 www.co-ophthalmology.com
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Goals are to decrease symptomatology as well as to
prevent permanent, vision-threatening sequelae.
Many of the treatment principals utilized for atopic
dermatitis can be applied to AKC. Identification and
avoidance of triggers has been suggested as the first
step; however, this is often difficult due to large
number and abundance of triggers [18]. Instillation
of over the counter artificial tear lubrication drops
can improve symptoms of mild conjunctivitis, pro-
tect the barrier function of conjunctiva, dilute aller-
gens and decrease the itch response. Topical
synthetic adrenergic agents, or ocular decongest-
ants, improve conjunctival injection but have little
effect on decrease in itching. They can lead to a
down regulation of alpha-1 receptors which can
cause a rebound hyperemia [43].

Topical corticosteroids are used to treat acute
exacerbations in all allergic conjunctivitis subtypes.
Topical corticosteroids decrease proinflammatory
cytokines and adhesion molecules through interac-
tion with cytoplasmic glucocorticoid receptor. The
goal of therapy is the use corticosteroids to quickly
improve symptoms and signs of disease and then
switch to an agent with a more favorable side effect
profile. That is because the long-term use of corti-
costeroids produces side effects of increases in intra-
ocular pressure and cataract formation [44].

Once the acute exacerbation is controlled,
topical antihistamines are used for symptom man-
agement in seasonal and perennial allergic conjunc-
tivitis. These agents are usually not effective in AKC.
Antihistamines target H1 receptors to prevent pru-
ritis. Second-generation antihistamines are pre-
ferred as they are more specific and avoid side
effects of sedation, by way of having high specificity
for the H1 receptor (examples include levocabastine,
azelastine, emedastine and bepotastine) [43]. Oral
antihistamines are used in the treatment of systemic
symptoms but can have a slower onset of action for
the treatment of ocular manifestations and can
exacerbate dry eye [45].

Topical mast cell stabilizers prevent mast cell
degranulation via calcium influx and chloride efflux
[46–48]. They have been shown to decrease itching
in clinical trials versus placebo [37]. Common mast
cell stabilizers include lodoxamide, nedocromil
sodium, pemirolast. Combination mast cell stabil-
izers and antihistamines are most often used in
symptom management, and in some trials, have
shown to have a longer duration of symptom relief
and better tolerability than single-acting antihist-
amines [37,49]. They have also been shown to
improve comfort in contact lens wearers [50]. As
above, these therapies are often used as first line
agents in seasonal and perennial allergic conjuncti-
vitis but are usually not effective in AKC. Common
Volume 29 � Number 00 � Month 2018
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FIGURE 2. (a) Slit lamp photograph documenting improvement in lid hyperpigmentation and lichenification after topical
steroid cream and oral tacrolimus use in atopic keratoconjunctivitis. (b) Slit lamp photograph documenting improvement in
conjunctival hyperemia and papillary hypertrophy after oral tacrolimus in atopic keratoconjunctivitis.
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combination topical drops include olopatadine and
ketotifen. Less frequently used are the topical
NSAIDs. However, these agents can also reduce
symptoms of allergic conjunctivitis through a reduc-
tion of prostaglandin production [51].

Given the pathophysiology of AKC, chronic T-
cell modulation is the favored approach for this
allergic conjunctivitis subtype. Several agents mod-
ulate T-cell function including the calineurin inhib-
itors, cyclosporine and FK506 (tacrolimus). These
agents can be dosed topically [52], sublingually,
subcutaneously and orally [53].

For moderate-to-severe atopic dermatitis, sys-
temic cyclosporine A is the recommended first line
treatment as a short-term option over systemic ste-
roids. For ocular involvement, randomized control
trials of topical 0.05% cyclosporine A have shown
safety as well as improvement in signs and symp-
toms in allergic conjunctivitis as well as of AKC in
mild and refractory cases [54,55]. In a similar man-
ner, topical tacrolimus reduced signs and symptoms
of AKC as a 0.1% solution or a 0.03% ointment. The
concern with using these medications is the possi-
bility of an increased risk of herpes simplex keratitis
as well as eye irritation [56]. Systemic tacrolimus is
reserved for cases that are refractory to local therapy
[57]. The authors have found this as a safe and
effective option in their patient population.

In the future, other agents that block T cells and/
or other immune pathways may be beneficial in
AKC. For example, dupilumab blocks IL-4/IL-13 sig-
naling and has shown positive results in atopic
dermatitis scoring systems in phase III clinical trials
[58]. There is, however, a possible link to worsening
conjunctival injection [59

&&

].
Clinical vignette

A 47-year-old male presented for evaluation of
atopic conjunctivitis and dermatitis. He previously
1040-8738 Copyright � 2018 Wolters Kluwer Health, Inc. All rights rese
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had consultations with multiple subspecialists,
including allergists, ophthalmologists and derma-
tologists, and had been trialed on a variety of treat-
ments in the preceding 5 years including topical and
oral steroids. On initial presentation, the patient
complained of severe itching of the eyes and skin.
The exam showed severe dermatitis of the face and
body. The eyelids had notable hyperpigmentation
and lichenification (Fig. 1a). The conjunctiva
showed marked injection and the cornea had a
diffusely irritated epithelial layer. The patient was
placed on artificial tears and topical fluorometho-
lone with minimal improvement. Given the severe
and widespread disease, the patient was started on
oral tacrolimus 5 mg daily. He had a dramatic
response with marked improvement of both derma-
titis and conjunctivitis within 1 month (Fig. 2a and
b). He continued to improve and remained relapse
free over the course of a 2 year follow-up.
CONCLUSION

Ocular involvement in atopic disease can have a
variety of clinical manifestations, affecting the peri-
ocular skin, conjunctiva, and cornea. Its symptom-
atology, disease course and pathophysiology helps
distinguish it from other allergic conjunctivitis pro-
cesses. Progressive ocular disease can be potentially
vision threatening. Prompt and effective treatment
through a multidisciplinary approach, including
ophthalmology, allergy and immunology and der-
matology can permit stability of the disease.
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